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1
ELECTRIC POWER STEERING DEVICE

TECHNICAL FIELD

The present invention relates to an electric power steering,
device.

BACKGROUND ART

Conventionally, techniques disclosed 1n PTLs 1 and 2, for
example, are available as techniques for performing steering
assistance during vehicle traveling by controlling an electric
power steering device. With these techniques, steering assist
control 1s performed by controlling an electric power steer-
ing device on the basis of curve information from a navi-
gation device.

CITATION LIST

Patent Literature

P 4762528 B
P 4494162 B

SUMMARY OF INVENTION

Technical Problem

However, the conventional techniques of PTLs 1 and 2 are
designed to execute steering assist control by the passive
operation of the electric power steering device, and are not
designed to actively execute steering assist control by the
clectric power steering device. Therefore, these techniques
have room for improvements 1n terms of actively operating,
the electric power steering device.

More specifically, 1t 1s an object of the present mnvention
to provide an electric power steering device which can
provide appropriate steering assistance to a driver by active
steering assistance using past steering operation informa-
tion.

Solution to Problem

In order to achieve the above object, according to an
aspect of the present mnvention, there 1s provided an electric
power steering device including: a current command value
calculation unit configured to calculate a current command
value on the basis of at least a steering torque input to a
steering mechanism; an electric motor configured to gener-
ate a steering assist torque to be applied to a steering shaft
of the steering mechanism; a motor control unit configured
to control and drive the electric motor on the basis of the
current command value; a steering operation information
detection unit configured to detect steering operation infor-
mation as mnformation concerning an operation of a steering,
wheel by a dniver; a position information acquisition unit
configured to acquire position mformation of a vehicle
equipped with the electric power steering device; an opera-
tion information storage unit configured to store, in a storage
device, steering operation state information obtained by
associating the steering operation mformation detected by
the steering operation information detection unit with the
position information upon detection of the steering operation
information; and an operation assist unit configured to
execute operation assist processing for assisting the driver in
operating the steering wheel on the basis of past steering
operation state mnformation which 1s the steering operation
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2

state information which has already been stored by the
operation information storage unit and corresponds to cur-
rent position information which is the position information
acquired currently.

ftects of Invention

L

Advantageous

According to the present invention, it 1s possible to store
steering operation state mformation obtained by associating
position mformation of the vehicle and operation informa-
tion of the steering wheel with each other and to aid the
driver 1n the current operation of the steering wheel on the
basis of the stored past steering operation state information.
This can provide appropriate steering assistance to the driver
by actively performing operation assistance by the electric
power steering device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view 1illustrating the configuration of an entire
clectric power steering device according to the present
invention;

FIG. 2 1s a block diagram illustrating the specific con-
figuration of a controller;

FIG. 3 1s a block diagram illustrating the specific con-
figuration of a navigation system and an operation assist
unit;

FIG. 4 1s a flowchart illustrating an exemplary procedure
ol operation assist processing according to a first embodi-
ment;

FIG. 5 1s a flowchart illustrating an exemplary procedure
of ST operation state information storage instruction pro-
cessing according to the first embodiment;

FIG. 6 1s a flowchart illustrating an exemplary procedure
of steering assist information notification instruction pro-
cessing according to the first embodiment;

FIG. 7 1s a flowchart 1llustrating an exemplary procedure
ol steering assist torque correction processing according to
the first embodiment;

FIG. 8 1s a flowchart illustrating an exemplary procedure
of second lane keeping assist processing according to the
first embodiment;

FIG. 9 1s a flowchart illustrating an exemplary procedure
of ST operation state information storage processing accord-
ing to the first embodiment;

FIG. 10 1s a flowchart 1llustrating an exemplary procedure
of steering assist information notification processing accord-
ing to the first embodiment;

FIG. 11 1s a flowchart illustrating an exemplary procedure
of ST operation state imformation transmission processing
according to the first embodiment;

FIG. 12 1s a flowchart illustrating an exemplary procedure
of steering assist information noftification instruction pro-
cessing according to a second embodiment; and

FIG. 13 15 a flowchart 1llustrating an exemplary procedure
of third lane keeping assist processing according to a third
embodiment.

DESCRIPTION OF EMBODIMENTS

First to third embodiments of the present invention will be
described below with reference to the drawings. In the
following drawings, the same or similar reference numerals
denote the same or similar parts. However, 1t should be
noted that the drawings are schematic and have dimensions,
ratios, and the like different from the actual ones.




US 10,710,582 B2

3

The following embodiments exemplily devices or meth-
ods for embodying the technical 1dea of the present inven-

tion, and the technical 1dea of the present invention does not
limit, for example, the matenals, shapes, structures, and
arrangements of components to the following specific
examples. Various changes can be made to the technical 1dea
of the present invention within the technical scope defined
by claims described 1n the scope of claims.

First Embodiment

(Configuration)

An electric power steering device according to a first
embodiment 1s mounted in a vehicle and includes, as a
steering mechanism, a steering wheel 1, a steering shatt 2,
a steering torque sensor 3, and a universal joint 4, as
illustrated 1 FIG. 1. The device further includes an inter-
mediate shaft 5, a universal jomnt 6, a pinion shaft 7, a
steering gear 8, and tie rods 9.

A steering force generated as the drniver operates the
steering wheel 1 1s transmitted to the steering shait 2. The
steering shaft 2 includes an input shaft 2a and an output shaft
2b6, and the mput shaft 2a has its one end connected to the
steering wheel 1 and its other end connected to one end of
the output shaft 26 via the steering torque sensor 3, as
illustrated in FIG. 1.

The steering force transmitted to the output shaft 25 1s
transmitted to the intermediate shaft 5 via the universal joint
4 and further to the pinion shaft 7 via the universal joint 6.
The steering force transmitted to the pinion shaft 7 1is
transmitted to the tie rods 9 via the steering gear 8 to turn a
steered wheel (not 1llustrated). The steering gear 8 employs
a rack-and-pinion system including a pinion 8a connected to
the pinion shait 7 and a rack 86 which meshes with the
pinion 8a, and converts a rotational motion transmitted to
the pinion 8a into a rectilinear motion in the rack 8b.

A steering assist mechanism 10 which transmits a steering
assist force to the output shaft 26 1s connected to the output
shaft 26 of the steering shaft 2. The steering assist mecha-
nism 10 includes a reduction gear 11 connected to the output
shaft 25, and an electric motor 13 which 1s connected to the
reduction gear 11 and generates a steering assist force for a
steering system.

The steering torque sensor 3 1s used to detect a steering,
torque applied to the steering wheel 1 and transmitted to the
input shaft 2a. In the first embodiment, the steering torque
sensor 3 1s configured to convert a steering torque into a
torsional angular displacement of a torsion bar (not illus-
trated) mterposed between the mput shait 2a and the output
shaft 2b, detect the torsional angular displacement as a
magnetic signal, and convert it into an electrical signal.

The electric power steering device further includes a
controller 14 and a steering angle sensor 18. Although the
device includes the steering angle sensor 18 to support
Modifications, a steering angle Os detected by the steering
angle sensor 18 1s not used 1n processing according to the
present invention in the first embodiment. Hence, the elec-
tric power steering device in the first embodiment may not
include the steering angle sensor 18.

The controller 14 1s actuated by power supply from a
battery 15 serving as an on-board battery.

A steering torque T detected by the steering torque sensor
3 and a vehicle speed Vs detected by a vehicle speed sensor
17 are mput to the controller 14. Steering assist control
(steering assistance) for applying a steering assist force
corresponding to the steering torque T and the vehicle speed
Vs to the steering system 1s performed. More specifically, a
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steering assist command value (steering assist torque com-
mand value) for generating the steering assist force in the
clectric motor 13 1s calculated 1n accordance with a known
procedure, and a current command value for the electric
motor 13 1s calculated on the basis of the calculated steering
assist command value. Feedback control of a driving current
supplied to the electric motor 13 1s performed using the
calculated current command value and the motor current
detection value.

The controller 14 1s connected to a navigation system 19
mounted 1n the vehicle, an on-board camera 20 mounted on
the front (for example, the portion above the rearview
mirror) of the vehicle, an SC steering assist switch 300, and
a lane keeping assist switch 302, via an in-vehicle network
such as a CAN (Controller Area Network).

Various types of information (details will be described
later) from the navigation system 19 and 1mage information
(details will be described later) from the on-board camera 20
are 1nput to the controller 14. A first switch signal SWa
indicating switch ON/OFF from the SC steering assist
switch 300 and a second switch signal SWb indicating
switch ON/OFF from the lane keeping assist switch 302 are
turther input to the controller 14.

The controller 14 executes operation assist processing for
assisting the driver 1n operating the steering wheel 1 on the
basis of steering operation information that 1s information
concerning the operation of the steering wheel 1 by the
driver in the path 1n which the vehicle has travelled in the
past, 1n cooperation with the navigation system 19 when the
SC steering assist switch 300 1s ON.

In the first embodiment, the controller 14 further executes
operation assist processing for allowing the vehicle to travel
while keeping the lane on the basis of the above-mentioned
steering operation mnformation and image mformation of the
view 1n front of the vehicle acquired from the on-board
camera 20, when both the SC steering assist switch 300 and
the lane keeping assist switch 302 are ON and lane keeping
assist control 1s executable.

The specific configuration of the controller 14 will be
described below.

The controller 14 1ncludes a command value calculation
umt 21 which calculates a steering assist command value
(steering assist torque command value) on the basis of the
steering torque T and the vehicle speed Vs, and a command
value compensation unit 22 which compensates the steering
assist command value, as illustrated 1n FIG. 2. The controller
14 turther includes an operation assist unit 23 which
executes operation assist processing ol the steering wheel 1
on the basis of a past vehicle speed Vs (which may be
referred to as a “past (or last) vehicle speed Vsp” heremat-
ter) and a past steering torque T (which may be referred to
as a “past (or last) steering torque Tp” hereinafter) corre-
sponding to current position information of the vehicle. The
controller 14 further includes a motor control unit 24 which
controls driving of the electric motor 13 on the basis of a
current command value from the operation assist unit 23.

The command value calculation unit 21 includes a steer-
ing assist command value calculation unit 31, a phase
compensation unit 32, and a torque differentiating circuit 33.

The steering assist command value calculation unit 31
calculates a steering assist command value (steering assist
torque command value) by referring to a steering assist
command value calculation map, on the basis of the steering
torque T and the vehicle speed Vs. The steering assist
command value calculation map 1s implemented 1n a char-
acteristic diagram which represents the steering torque T on
the abscissa and the steering assist command value on the
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ordinate and has the vehicle speed Vs as a parameter. The
steering assist command value 1s set to increase relatively
moderately in the beginning with an increase in steering
torque T, and then steeply increase with a further increase in
steering torque T. The slope of the characteristic curve 1s set
to reduce with an increase in vehicle speed Vs.

The phase compensation unit 32 performs phase compen-
sation for the steering assist command value calculated by
the steering assist command value calculation unit 31 and
outputs the steering assist command value after phase com-
pensation to an adder 48. Transfer characteristics as given
by, for example, (T1s+1)/(12s+1) are applied to the steering,
assist command value.

The torque differentiating circuit 33 calculates a compen-
sation value for the steering torque T on the basis of the rate
of change 1n steering torque obtained by diflerentiating the
steering torque T and outputs 1t to the adder 48.

The command value compensation umt 22 includes at
least an angular velocity calculation unit 41, an angular
acceleration calculation unit 42, a convergence compensa-
tion unit 43, an nertia compensation unit 44, and an SAT
estimation feedback umit 45.

The angular velocity calculation unit 41 differentiates the
motor angle of rotation 0 detected by a rotational angle
sensor 13a to calculate a motor angular velocity . The
angular acceleration calculation unit 42 differentiates the
motor angular velocity o calculated by the angular velocity
calculation unit 41 to calculate a motor angular acceleration
CL.

The convergence compensation unit 43 receives the motor
angular velocity o calculated by the angular velocity cal-
culation umt 41 to calculate a convergence compensation
value Ic to brake swaying of the steering wheel 1 to improve
the yaw convergence of the vehicle.

The iertia compensation unit 44 calculates an inertia
compensation value I1 for compensating for the torque
generated by the inertia of the electric motor 13 to prevent
degradation 1n feeling of 1nertia or control response charac-
teristic.

The SAT estimation feedback unit 45 receives the steering
torque T, the motor angular velocity w, the motor angular
acceleration «, and the steering assist command value
calculated by the command value calculation unit 21 and
estimates and calculates a self-aligning torque SAT on the
basis of them.

An adder 46 adds the inertia compensation value Ii
calculated by the inertia compensation unit 44 and the
self-aligning torque SAT calculated by the SAT estimation
teedback unit 45 and outputs the result to an adder 47.

The adder 47 adds the sum obtained by the adder 46 and
the convergence compensation value Ic calculated by the
convergence compensation unit 43 and outputs the result to
the adder 48 as a command compensation value Icom.

The adder 48 adds the compensation value output from
the torque differentiating circuit 33 and the command com-
pensation value Icom output from the command value
compensation unit 22 to the steering assist command value
alter phase compensation output from the phase compensa-
tion unit 32, and outputs the compensated steering assist
command value. The compensated steering assist command
value 1s mput to the motor control unit 24.

The specific configuration of the navigation system 19
will be described below.

The navigation system 19 includes a map database 71, a
navigation controller 72, a GPS receiver 73, a touch panel
74, and an audio system 75, as illustrated in FIG. 3.
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The map database 71 1s implemented 1n a mass storage
medium such as a hard disk and stores roadmap information
for car navigation. In the first embodiment, steering opera-
tion information, position information of the vehicle upon
acquisition of the steering operation information, and road
information corresponding to the position mmformation are
stored 1n a storage area other than the roadmap information
in association with each other. Excluding the road informa-
tion, only such steering operation mmformation and position
information may be stored in association with each other. In
this case, road information 1s separately retrieved from the
position information.

The navigation controller 72 detects traveling direction
information of the vehicle, road shape information in the
vicinity of the vehicle, road type information corresponding
to the current position, traflic intersection information, and
the like as road information on the basis of the current
position (latitude and longitude) of the vehicle acquired by
the GPS recetver 73 and the roadmap information stored in
the map database 71.

In the first embodiment, the navigation controller 72
further executes operation assist processing 1n cooperation
with the controller 14.

More specifically, 1n accordance with a storage instruction
ol steering operation state information (to be described later)
from the controller 14, processing for storing the steering
operation state information from the controller 14 1n the map
database 71 1s executed. Further, in accordance with a
notification command of steering assist information from the
controller 14, processing for causing the touch panel 74 to
display the display information corresponding to operation
assistance details on and causing the audio system 75 to
output a voice message or a buzzer sound corresponding to
operation assistance details 1s executed.

The steering assist information 1s information for improv-
ing the safety of steering, such as information corresponding
to the diflerence between the past steering operation nfor-
mation corresponding to the current position of the vehicle
and the current steering operation information.

The GPS receiver 73 receives a GPS signal from a GPS
satellite. Appropniate examples iclude a superheterodyne
receiver which down-converts 1.5-GHz band radio waves
into 4-MHz (or 1-MHz) baseband signals using two IFs
(Intermediate Frequencies).

The touch panel 74 serves as a display equipped with a
touch put device and a liquid crystal panel 1n combination.
The touch panel 74 displays various types of information 1n
accordance with commands from the navigation controller
72 and receirves position information on a position within the
touch surface of the liquid crystal panel where the user
touches to the navigation controller 72. The user inputs
various 1structions by, for example, touching buttons, texts,
or the like displayed on the liquid crystal panel.

The audio system 75 outputs not only a guiding voice for
car navigation from 1ts internal loudspeaker, but also a voice
message for operation assistance, a voice message or a
buzzer sound for danger avoidance, or the like in the first
embodiment.

The specific configuration of the operation assist unmt 23
will be described below.

The operation assist unit 23 includes an operation infor-
mation storage unit 51, a steering assist mformation notifi-
cation umt 52, a steering assist torque correction unit 33, a
lane keeping assist umit 34, and a current command value
control unit 55, as illustrated in FIG. 3.

The operation information storage unit 31 acquires a
steering torque T input from the steering torque sensor 3, as




US 10,710,582 B2

7

steering operation information in the first embodiment. At
the same timing as acquisition of a steering torque T, the
operation information storage unit 51 further acquires a
vehicle speed Vs mput from the vehicle speed sensor 17 and
acquires current position information of the vehicle upon
acquisition of the steering torque T and road information
corresponding to the current position mnformation from the
navigation controller 72 via the in-vehicle network. In the
first embodiment, the steering torque T takes a positive value
for right steering and a negative value for left steering.

The operation information storage unit 31 generates steer-
ing operation state information (which may be referred to as
“ST operation state immformation” hereinafter) obtained by
associating the acquired steering torque T, vehicle speed Vs,
position information, and road information with one another.
The operation information storage unit 51 stores the gener-
ated ST operation state information 1n the map database 71
of the navigation system 19 via the in-vehicle network.

In the first embodiment, information concerning the cur-
rent position of the vehicle from the navigation controller 72
and road mformation corresponding to the current position
are mput to the controller 14 via the in-vehicle network with
a preset sampling period. The operation information storage
unit 51 acquires information concerning the current position
and road mformation corresponding to the current position
to be mput, at the same timing as acquisition of a steering,
torque T (reads them into a RAM (not illustrated) of the
controller 14). The same applies to other constituent unaits.

In the first embodiment, ST operation state information 1s
stored 1n association with date and time information, and
when the vehicle travels on the same road again, two pieces
of past ST operation state information for this road, includ-
ing the current (latest) one, are stored.

In the first embodiment, the steering assist information
notification unit 52 executes steering assist information
notification instruction processing when the SC steering
assist switch 300 1s ON, and does not execute steering assist
information notification instruction processing when the SC
steering assist switch 300 1s OFF, on the basis of the first
switch signal SWa.

In steering assist information notification mstruction pro-
cessing, the steering assist information notification unit 52
first acquires the current vehicle speed Vs, the steering
torque T, and current position information and then acquires
the last ST operation state information corresponding to the
current position information from the map database 71. The
steering assist information notification unit 32 calculates a
difference value Td between the current steering torque T
and the last steering torque Tp. In the first embodiment, the
steering assist information notification unit 32 displays
display information corresponding to the information con-
cerning the road on which the vehicle travels and the
magnitude of the calculated difference value Td on the touch
panel 74 of the navigation system 19. In the first embodi-
ment, the steering assist information notification unit 52
even outputs a voice message or a buzzer sound correspond-
ing to the magnitude of the difference value Td from the
audio system 735 of the navigation system 19.

For example, a message corresponding to the difference
between the last and current mput steering torques is dis-
played, and a voice message having the same contents as the
message 1s output.

The steering assist information notification unit 52 stores
(overwrites) the acquired current vehicle speed Vs, the
vehicle speed Vsp included in the acquired ST operation
state information, and the calculated difference value Td 1n
a given area ol the RAM of the controller 14.

.
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In the first embodiment, display data and audio data for
operation 1nformation noftification are stored in the map
database 71 1n advance. The present invention 1s not limited
to this configuration, and other configurations may be used,
such as a configuration 1n which such data 1s stored 1n a
storage device such as the ROM of the controller 14 1n
advance and transmits the data to the navigation controller
72 as occasion arises, or a configuration in which such data
1s stored and held 1n the map database 71 after once the data
1s transmitted.

The steering assist torque correction unit 53 (which may
be referred to as the “steering AT correction unit 53
hereinafter) executes steering assist torque correction pro-
cessing when the SC steering assist switch 300 1s ON and
lane keeping assist control 1s inexecutable, on the basis of
the first and second switch signals SWa and SWb and the
vehicle speed Vs. More specifically, lane keeping assist
control 1s executable when, for example, the lane keeping
assist switch 302 1s ON and the vehicle speed Vs has been
set to that (65 km/h or more) at which lane keeping assist
control 1s executable.

Steering assist torque correction processing (which may
be referred to as “steering AT correction processing’ here-
inafter) 1s not executed when the SC steering assist switch
300 1s OFF. In this case, the steering AT correction unit 53
outputs information indicating “without correction™ to the
current command value control unit 55. The steering AT
correction unit 33 also outputs information indicating “with-
out correction” to the current command value control unit 55
when the lane keeping assist switch 302 1s ON and lane
keeping assist control 1s executable, even 11 the SC steering
assist switch 300 1s ON.

In steering AT correction processing, the steering AT
correction unit 53 first acquires the vehicle speeds Vs and
Vsp and the difference value Td stored in the RAM of the
controller 14. When the current steering torque T 1s deter-
mined to be higher than the past steering torque Tp on the
basis of the acquired difference value Td, the steering AT
correction unit 53 outputs an AT decreasing command to the
current command value control unit 55 as a command to
correct by decreasing the normal steering assist torque based
on the current vehicle speed Vs and steering torque T.

More specifically, the steering AT correction unit 53
calculates an amount of decreasing correction for an AT
decreasing command on the basis of the current vehicle
speed Vs and the past vehicle speed Vsp included 1n the ST
operation state information. This amount ol decreasing
correction 1s, for example, smaller as the current vehicle
speed Vs exceeds the past vehicle speed Vsp more, and
larger as the current vehicle speed Vs falls below the past
vehicle speed Vsp more.

When the current steering torque T 1s lower than the past
steering torque Tp, the steering AT correction unmit 33 outputs
an AT increasing command to the current command value
control unit 55 as a command to correct by increasing the
normal steering assist torque based on the current vehicle
speed Vs and steering torque T. More specifically, the
steering AT correction unit 53 calculates an amount of
increasing correction for an Al increasing command on the
basis of the current vehicle speed Vs and the past vehicle
speed Vsp included 1n the ST operation state information.
This amount of increasing correction is, for example, larger
as the current vehicle speed Vs exceeds the past vehicle
speed Vsp more, and smaller as the current vehicle speed Vs
falls below the past vehicle speed Vsp more.

When the current steering torque T takes a value equal to
and nearly equal to the past steering torque Tp (a value that
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falls within a preset tolerance), the steering AT correction
unit 33 outputs information 1indicating “without correction”™
to the current command value control unit 55.

The lane keeping assist unit 34 executes first lane keeping,
assist processing when the SC steering assist switch 300 1s
OFF and lane keeping assist control 1s executable, on the
basis of the first and second switch signals SWa and SWb
and the vehicle speed Vs. The lane keeping assist unit 54
executes second lane keeping assist processing when the SC
steering assist switch 300 1s ON and lane keeping assist
control 1s executable. The lane keeping assist unit 54 does
not execute lane keeping assist processing when the lane
keeping assist switch 302 1s OFF or when the vehicle speed
Vs 1s a speed at which lane keeping assist control 1s
inexecutable.

In first lane keeping assist processing, the lane keeping
assist unit 54 first determines the state of the road surface
from an 1image of the view 1n front of the vehicle from the
on-board camera 20. The lane keeping assist umit 54 detects
position information in the travel lane 1 which the vehicle
travels and, in turn, detects a lateral displacement X from the
center of the travel lane on the basis of the detected position
information.

The lateral displacement X includes herein a left displace-
ment XL that 1s a leftward displacement from the center of
the travel lane and a right displacement XR that 1s a
rightward displacement from this center. In the first embodi-
ment, the right displacement XR takes a positive value and
the left displacement XL takes a negative value.

The on-board camera 20 in the first embodiment 1s
configured to capture an 1mage of the road surface 1n front
of the vehicle, including lane markings, as an 1image of the
view 1n front of the vehicle.

The lane keeping assist unit 54 compares the right dis-
placement XR with a preset right displacement threshold
XRt (positive value), and calculates a lane keeping current
command value Iretk as a current command value for
generating a steering assist torque 1n the direction to cancel
out the right displacement when the right displacement XR
1s equal to or larger than the right displacement threshold
XRt. The lane keeping assist unit 54 compares the left
displacement XL with a preset left displacement threshold
XLt (negative value), and calculates a lane keeping current
command value Ireik for generating a steering assist torque
in the direction to cancel out the left displacement when the
left displacement XL 1s equal to or smaller than the left
displacement threshold XLt.

The lane keeping assist unit 54 outputs the calculated lane
keeping current command value Irefk to the current com-
mand value control unit 35.

The lane keeping assist umt 34 displays a message
notifying that the vehicle tends to depart from 1ts lane on the
touch panel 74 of the navigation system 19. The lane
keeping assist unit 54 even causes the audio system 73 of the
navigation system 19 to output a voice message having the
same content as that of the displayed message or a buzzer
sound.

The lane keeping assist unit 54 outputs information indi-
cating “without assistance” to the current command value
control unit 35 when the right displacement XR 1s smaller
than the right displacement threshold XRt and the left
displacement XL 1s larger than the left displacement thresh-
old XLt.

The lane keeping assist unit 34 also outputs information
indicating “without assistance” to the current command
value control unit 55 while lane keeping assist processing 1s
not executed.
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In second lane keeping assist processing, the lane keeping,
assist unit 34 first acquires a steering torque T input from the
steering torque sensor 3 and current position information of
the vehicle. The lane keeping assist unit 54 further acquires
current position information and past ST operation state
information corresponding to the road position within a
predetermined distance from the current position, stored in
the map database 71, from the navigation controller 72.

The right displacement threshold XRt or the left displace-
ment threshold XLt 1s set on the basis of the information of
the past steering torque Tp. When, for example, a great
change 1n torque has taken place in the past, a threshold 1s
set by correcting the threshold for an appropriate one of the
right displacement threshold XRt or the left displacement
threshold XLt to a value smaller than normal (small absolute
value). A normal value 1s set to the threshold for the other
one.

Except for the use of the set right displacement threshold
XRt or left displacement threshold XLt, the same processing,
as the above-mentioned {first lane keeping assist processing
1s executed henceforth.

More specifically, the lane keeping assist unit 54 executes
the same processing as the above-mentioned first lane keep-
ing assist processing using the normal right displacement
threshold XRt or left displacement threshold XLt when no
great change in torque takes place.

The lane keeping assist unit 54 also outputs information
indicating “without assistance” to the current command
value control unit 55 when the right displacement XR 1s
smaller than the corrected right displacement threshold XRt
or the left displacement XL 1s larger than the corrected left
displacement threshold XLt, even 11 a great change in torque
has taken place 1n the past.

When the current command value control unit 33 receives
an Al increasing command from the steering AT correction
unit 53, 1t corrects by increasing the current command value
Iref input from a current command value calculation unit 61
(to be described later) by the amount of increasing correc-
tion indicated by the AT increasing command to calculate a
corrected current command value Irefc. When the current
command value control unit 55 receives an AT decreasing
command from the steering AT correction unit 53, it corrects
by decreasing the current command value Iref input from the
current command value calculation unit 61 by the amount of
decreasing correction indicated by the AT decreasing com-
mand to calculate a corrected current command value Ireic.
The current command value control unit 55 outputs the

calculated, corrected current command value Irefc to a
subtracter 62 (to be described later).

When the current command value control unit 55 receives
a lane keeping current command value Iretk from the lane
keeping assist unit 54, it outputs the lane keeping current
command value Iretk to the subtracter 62 1n place of a
current command value Iref input from the current command
value calculation unit 61 (to be described later).

When the current command value control unit 55 receives
information idicating “without correction” and imnformation
indicating “without assistance” from the steering AT correc-
tion unit 53 and the lane keeping assist unit 54, 1t directly
outputs a current command value Iref input from the current
command value calculation unit 61 (to be described later) to
the subtracter 62.

Referring back to FIG. 2, the motor control unit 24
includes a current detector 60 which detects the actual
current of the electric motor 13, a current command value
calculation unit 61, a subtracter 62, a current control unit 63,
and a motor driving unit 65.
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The current command value calculation unit 61 calculates
a current command value Iref for the electric motor 13 from
a steering assist command value (steering assist torque
command value) output from the adder 48. The current
command value calculation unit 61 outputs the calculated
current command value Iref to the current command value
control unit 55 of the operation assist unit 23.

The subtracter 62 calculates a current deviation between
any one of the current command value Iref, the corrected
current command value Irefc, and the lane keeping current
command value Iretk which are mput from the current
command value control unit 535 and the motor current
detection value (actual current value It) detected by the
current detector 60, and outputs the current deviation to the
current control unit 63.

The current control unmit 63 performs feedback control for
executing a PI (Proportional Integral) operation with respect
to the current deviation and outputting a voltage command
value. In other words, the current control unit 63 outputs a
voltage command value calculated such that the current
deviation becomes zero to the motor driving unit 63.

The motor driving unit 65 includes an imnverter circuit (not
illustrated) for supplying a driving current to the electric
motor 13. The motor driving unit 65 executes duty calcu-
lation on the basis of the voltage command value output
from the current control unit 63 to calculate a duty ratio as
a driving command for the electric motor 13. The motor
driving unit 65 drives the inverter circuit on the basis of the
calculated duty ratio to control and drive the electric motor
13. In other words, the motor driving unit 65 supplies the
driving current controlled using the duty ratio to the electric
motor 13.

(Operation Assist Processing)

Operation assist processing executed by the operation
assist unit 23 will be described below with reference to FIG.
4. The operation assist processing 1s repeatedly executed
with a preset period.

When the controller 14 starts operation assist processing,
the process advances to step S100 first, as illustrated 1n FIG.

4.

In step S100, the operation information storage unit 51
executes ST operation state information storage processing,
and the process advances to step S102.

In step S102, the steering assist information notification
unit 52 executes steering assist information notification
instruction processing, and the process advances to step
S104.

In step S104, the steering AT correction unit 33 and the
lane keeping assist umit 54 determine whether or not the SC
steering assist switch 300 1s ON, on the basis of the first
switch signal SWa. If 1t 1s determined that the switch 300 1s
ON (Yes), the process advances to step S106; otherwise
(No), the process advances to step S112.

When the process advances to step S106, the steering AT
correction unit 53 and the lane keeping assist unit 54
determine whether or not lane keeping assist control 1is
executable. More specifically, the steering AT correction unit
53 and the lane keeping assist unit 534 determine whether or
not the lane keeping assist control switch 1s ON, on the basis
of the second switch signal SWh. If 1t 1s determined that the
switch 1s ON, 1t 1s then determined whether or not the
vehicle speed Vs 1s a speed at which lane keeping assist
control 1s executable. IT 1t 1s determined that the switch 1s
ON and the vehicle speed Vs 1s the speed at which such
control 1s executable (Yes), the process advances to step
S108; otherwise (No), the process advances to step S110.
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When the process advances to step S108, the lane keeping,
assist unit 34 executes second lane keeping assist process-
ing, and a series ol processes 1s ended.

When the process advances to step S110, the steering AT
correction unit 53 executes steering assist torque correction
processing, and a series ol processes 1s ended.

When it 1s determined 1n step S104 that the SC steering,
assist switch 300 1s OFF and the process advances to step
S112, the lane keeping assist unit 54 determines whether or
not lane keeping assist control 1s executable, as 1n step S106.
IT 1t 1s determined that such control 1s executable (Yes), the
process advances to step S114; otherwise (No), a series of
processes 1s ended and the process returns to the original
pProcess.

When the process advances to step S114, the lane keeping,
assist unit 34 executes first lane keeping assist processing,
and a series of processes 1s ended.

(ST Operation State Information Storage Instruction Pro-
cessing)

ST operation state information storage instruction pro-
cessing executed by the operation information storage unit
51 will be described below with reference to FIG. 5.

In step S100, when ST operation state information storage
istruction processing 1s executed, the process advances to
step S200 first, as illustrated in FIG. 5.

In step S200, the operation information storage unit 51
reads various types of information including the current
vehicle speed Vs, the current steering torque T, current
position information, and road information corresponding to
the current position, at the same timing (in synchronism with
cach other). The process then advances to step S202.

In step S202, the operation mformation storage umt 51
associates the read vehicle speed Vs, steering torque T,
position information, and road information with one another
to generate ST operation state information, and the process
advances to step S204.

In step S204, the operation information storage umt 51
transmits a storage instruction including the ST operation
state 1information to the navigation controller 72 via the
in-vehicle network, a series of processes 1s ended, and the
process returns to the original process.

(Steering Assist Information Notification Processing)

Steering assist 1nformation nofification processing
executed by the steering assist information notification unit
52 will be described below with reference to FIG. 6.

In step S102, when steering assist information notification
processing 1s executed, the process advances to step S300
first, as 1llustrated 1in FIG. 6.

In step S300, the steering assist information notification
unit 52 reads current position information, the vehicle speed
Vs, and the current steering torque T at the same timing (in
synchronism with each other). The process then advances to
step S302.

In step S302, the steering assist information notification
umt 52 transmits a request to acquire ST operation state
information corresponding to the current position informa-
tion to the navigation controller 72 via the in-vehicle net-
work. The steering assist information notification unit 52
receives the ST operation state information transmitted from
the navigation controller 72 via the in-vehicle network, and
the process advances to step S304.

In step S304, the steering assist information notification
unit 52 calculates a difference value Td between the current
steering torque T read in step S300 and the past steering
torque Tp included 1n the ST operation state information
received 1n step S302. The steering assist information noti-
fication umt 52 stores (overwrites) the difference value Td,
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the current vehicle speed Vs, and the past vehicle speed Vsp
included in the ST operation state information in a given
area of the RAM of the controller 14, and the process
advances to step S306.

In step S306, the steering assist information notification
unit 52 determines whether or not the absolute value of the
difference value Td (which may be simply referred to as the
“difference value Td” heremaftter) 1s equal to or larger than
a preset first torque threshold Tthl. IT it 1s determined that
the difference value Td 1s equal to or larger than the first
torque threshold Tthl (Yes), the process advances to step
S308; otherwise (No), a series of processes 1s ended.

The first torque threshold Tthl 1s used to determine
whether or not the current steering torque T and the past
steering torque Tp have a difference large to an extent to
determine that the torque 1s too low compared to last time to
go around a curve, or that the torque 1s too high compared
to last time and thus rapid steering 1s caused.

When the process advances to step S308, the steering
assist mformation notification unit 52 generates a display
command of display information having contents based on
road iformation (for example, a curved road) correspond-
ing to the current position and the fact that the past steering
torque Tp and the current steering torque T have a large
difference, and an output command of a voice message or a
buzzer sound corresponding to the display information. The
process then advances to step S310.

In step S310, the steering assist information notification
unit 52 transmits a nofification command including the
display command and the output command generated 1n step
S308 to the navigation controller 72 via the in-vehicle
network. Then, a series of processes 1s ended and the process
returns to the original process.

In this way, 1in response to a command from the navigation
controller 72, display information corresponding to the
display command in the notification command 1s displayed
on the touch panel 74, and a voice message or a buzzer
sound corresponding to the output command 1n the notifi-
cation command 1s output from the internal loudspeaker of
the audio system 75.

(Steering AT Correction Processing)

Steering AT correction processing executed by the steer-
ing AT correction unit 53 will be described below with
reference to FIG. 7.

In step S110, when steering AT correction processing 1s
executed, the process advances to step S400 first, as 1llus-
trated 1n FIG. 7.

In step S400, the steering AT correction unit 53 acquires
the current vehicle speed Vs, the past vehicle speed Vsp, and
the difference value Td stored 1n a given area of the RAM
of the controller 14, and the process advances to step S402.

In step S402, the steering AT correction unit 33 deter-
mines whether or not the difference value Td acquired in
step S400 1s equal to or larger than a second torque threshold
Tth2. If 1t 1s determined that the difference value Td 1s equal
to or larger than the second torque threshold Tth2 (Yes), the
process advances to step S404; otherwise (No), the process
advances to step S406.

The second torque threshold Tth2 1s used to determine
whether or not the current steering torque T 1s higher than
the past steering torque Tp to the degree that the assist torque
needs to be corrected by decreasing.

When the process advances to step S404, the steering AT
correction unit 53 calculates an amount of decreasing cor-
rection on the basis of the current vehicle speed Vs and the
past vehicle speed Vsp. The steering AT correction unit 33
outputs an Al decreasing command including information
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concerning the calculated amount of decreasing correction
to the current command value control unit 55, a series of
processes 1s ended, and the process returns to the original
process.

When the process advances to step S406, the steering AT
correction unit 53 determines whether or not the difference
value Td 1s equal to or smaller than a preset third torque
threshold Tth3. If 1t 1s determined that the difference value
Td 1s equal to or smaller than the third torque threshold Tth3
(Yes), the process advances to step S408; otherwise (No),
the steering AT correction umt 33 outputs information mndi-
cating “without correction” to the current command value
control unit 35, a series of processes 1s ended, and the
process returns to the original process.

The third torque threshold Tth3 1s used to determine
whether or not the current steering torque T 1s lower than the
past steering torque Tp to the degree that the assist torque
needs to be corrected by increasing.

When the process advances to step S408, the steering AT
correction unit 53 calculates an amount of increasing cor-
rection on the basis of the current vehicle speed Vs and the
past vehicle speed Vsp. The steering AT correction unit 33
outputs an Al increasing command including information
concerning the calculated amount of increasing correction to
the current command wvalue control unit 55, a series of
processes 1s ended, and the process returns to the original
pProcess.

(Second Lane Keeping Assist Processing)

Second lane keeping assist processing executed by the
lane keeping assist unit 54 will be described below with
reference to FIG. 8.

In step S108, when second lane keeping assist processing,
1s executed, the process advances to step S500 first, as
illustrated 1n FIG. 8.

In step S500, the lane keeping assist unit 34 acquires
current position mformation, and the process advances to
step S502.

In step S502, the lane keeping assist unit 34 acquires ST
operation state information corresponding to the current
position indicated by the current position information and
the road position within a predetermined distance from the
current position, and the process advances to step S504.

In step S504, a lateral displacement threshold correspond-
ing to the magnitude of a past change 1n steering torque Tp
1s set, and the process advances to step S506.

More specifically, the lane keeping assist unit 54 estimates
that a high torque has been 1nput to avoid lane departure in
the past, when the amount of past change 1n steering torque
Tp 1n the night steering direction 1s equal to or larger than a
preset right torque change threshold TthR or the amount of
past change 1n steering torque Tp in the left steering direc-
tion 1s equal to or smaller than a preset left torque change
threshold TthL. In this case, a threshold 1s set by correcting
the left displacement threshold XLt or the right displacement
threshold XRt to a value smaller than normal (small absolute
value) to correct the left displacement or the right displace-
ment (the displacement 1n the direction (direction of depar-
ture) opposite to that 1n which a torque 1s mnput) early. When
the amounts of change 1n steering torque Tp 1n the right and
left steering directions are smaller than the right torque
change threshold TthR and larger than the left torque change
threshold TthL, the left displacement threshold XLt and the

right displacement threshold XRt are set to normal values.
In step S506, the lane keeping assist unit 34 detects
position information in the travel lane 1n which the vehicle
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travels from an 1image of the view 1n front of the vehicle from
the on-board camera 20, and the process advances to step
S508.

In step S308, the lane keeping assist unit 54 detects a

lateral displacement X from the center of the travel lane of 5

the vehicle on the basis of the position information detected
in step S506, and the process advances to step S510.

In step S510, the lane keeping assist unit 34 compares the
lateral displacement X with the lateral displacement thresh-
old set 1n step S504 to determine whether or not the lateral
displacement X 1s equal to or larger than the lateral dis-
placement threshold. If 1t 1s determined that the lateral
displacement X 1s equal to or larger than the lateral dis-
placement threshold (Yes), the process advances to step
S512; otherwise (INo), the process advances to step S516.

More specifically, the lane keeping assist unit 54 com-
pares the right displacement XR with the right displacement
threshold XRt set 1n step S504 to determine whether or not
the nght displacement XR 1s equal to or larger than the right
displacement threshold XRt. The lane keeping assist unit 54
turther compares the left displacement XL with the left
displacement threshold XLt set 1n step S504 to determine
whether or not the left displacement XL 1s equal to or
smaller than the left displacement threshold XLt. If 1t 1s
determined that the right displacement XR 1s equal to or
larger than the right displacement threshold XRt or the leit
displacement XL 1s equal to or smaller than the left dis-
placement threshold XLt, the process advances to step S512.
If 1t 1s determined that the right displacement XR 1s smaller
than the right displacement threshold XRt and the left
displacement XL 1s larger than the left displacement thresh-
old XLt, the process advances to step S516.

When the process advances to step S3512, the lane keeping
assist unit 54 calculates a lane keeping current command
value Iretk for generating a steering assist torque in the
direction to cancel out the left displacement XL or the right
displacement XR. The lane keeping assist unit 54 outputs the
calculated lane keeping current command value Iretk to the
current command value control umt 55, and the process
advances to step S514.

In step S514, the lane keeping assist umit 54 transmits a
notification command including a display command of dis-
play information and an output command of a buzzer sound
or a voice message notifying that the vehicle tends to depart
from 1ts lane to the navigation controller 72 via the 1n-
vehicle network. Then, a series of processes 1s ended and the
process returns to the original process.

When it 1s determined in step S3510 that the lateral
displacement X i1s smaller than the lateral displacement
threshold, and the process advances to step S316, the lane
keeping assist unit 534 outputs mnformation indicating “with-
out assistance” to the current command value control unit
55. Then, a series of processes 1s ended and the process
returns to the original process.

(ST Operation State Information Storage Processing)

ST operation state information storage processing
executed by the navigation controller 72 will be described
below with reference to FIG. 9. The ST operation state
information storage processing 1s repeatedly executed with
a preset period.

When the navigation controller 72 executes ST operation
state information storage processing, the process advances
to step S600 first, as 1llustrated 1n FIG. 9.

In step S600, the navigation controller 72 determines
whether or not an ST operation state information storage
instruction from the controller 14 has been recerved via the
in-vehicle network. If 1t 1s determined that such an instruc-
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tion has been received (Yes), the process advances to step
S602; otherwise (No), a series of processes 1s ended.

When the process advances to step S602, the navigation
controller 72 stores ST operation state information included
in the received storage instruction 1n the map database 71.
Then, a series of processes 1s ended.

(Steering Assist Information Notification Processing)

Steering assist information notification processing
executed by the navigation controller 72 will be described
below with reference to FIG. 10. The steering assist infor-
mation notification processing 1s repeatedly executed with a
preset period.

When the navigation controller 72 executes steering assist
information notification processing, the process advances to
step S610 first, as 1llustrated 1n FIG. 10.

In step S610, the navigation controller 72 determines
whether or not a notification command from the controller
14 has been received via the in-vehicle network. If 1t 1s
determined that such a command has been received (Yes),
the process advances to step S612; otherwise (No), a series
of processes 1s ended.

When the process advances to step S612, the navigation
controller 72 reads display information corresponding to a
display command included in the noftification command
from the map database 71 and outputs an image display
command 1n the read display information to the touch panel
74. The navigation controller 72 further outputs an audio
output command of a voice message or a buzzer sound
corresponding to an output command included in the noti-
fication command to the audio system 75. Then, a series of
processes 15 ended.

In this way, display information corresponding to the
display command 1s displayed on the touch panel 74, and a
volce message or a buzzer sound corresponding to the output
command 1s output from the internal loudspeaker of the
audio system 75.

(ST Operation State Information Transmission Process-
Ing)

ST operation state information transmission processing
executed by the navigation controller 72 will be described
below with reference to FIG. 11. The ST operation state
information transmission processing 1s repeatedly executed
with a preset period.

When the navigation controller 72 executes ST operation
state 1nformation transmission processing, the process
advances to step S620 first, as illustrated in FIG. 11.

In step S620, the navigation controller 72 determines
whether or not a request to acquire ST operation state
information from the controller 14 has been received via the
in-vehicle network. If it 1s determined that such a request has
been received (Yes), the process advances to step S622;
otherwise (No), a series of processes 1s ended.

When the process advances to step S622, the navigation
controller 72 reads ST operation state information corre-
sponding to position information included 1n the acquisition
request from the map database 71. The navigation controller
he read ST operation state information to the

72 transmits t
controller 14 via the in-vehicle network. Then, a series of
processes 15 ended.

(Operation)

An operation 1n the first embodiment will be described
below.

When the dniver turns on an i1gnition switch (not 1llus-
trated), control power 1s supplied from the battery 15 to the
controller 14, and then the controller 14 1s activated. In this
case, the controller 14 performs steering assist control on the
basis of the steering operation by the driver.
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When, for example, the driver starts the vehicle and
rounds a curved road, the controller 14 calculates a steering
assist command value on the basis of the steering torque T
and the vehicle speed Vs and calculates a current command
value Iref for the electric motor 13 on the basis of the
calculated steering assist command value.

The operation information storage umt 51 acquires the
current vehicle speed Vs, the current steering torque T,
current position mmformation, and road information corre-
sponding to the current position information. The operation
information storage unit 51 generates ST operation state
information by associating these pieces of information with
one another and transmits a storage instruction including the
generated ST operation state information to the navigation
controller 72 of the navigation system 19 via the in-vehicle
network.

When the navigation controller 72 receives via the in-
vehicle network, the storage instruction transmitted from the
operation information storage umt 51, 1t stores the ST
operation state information included 1n the received storage
instruction 1n the map database 71.

Assume now that the SC steering assist switch 300 1s ON
and the lane keeping assist switch 302 1s OFF.

Since the SC steering assist switch 300 1s ON, the steering
assist information notification unit 52 acquires the current
vehicle speed Vs, the current steering torque T, and current
position information. The steering assist information notifi-
cation unit 32 transmits a request to acquire the last ST
operation state information corresponding to the acquired
current position information to the navigation controller 72
of the navigation system 19 via the in-vehicle network.

When the navigation controller 72 receives via the in-
vehicle network, the acquisition request transmitted from the
steering assist information notification unit 52, 1t reads the
last ST operation state information corresponding to the
current position mformation included in the received acqui-
sition request from the map database 71. The navigation
controller 72 transmits the read last ST operation state
information to the controller 14 via the 1in-vehicle network.

When the steering assist information notification unit 52
receives via the in-vehicle network, the last ST operation
state information transmitted from the navigation controller
72, 1t calculates a difference value Td between the last
steering torque Tp included in the received last ST operation
state information and the acquired current steering torque T.
The steering assist information notification unit 52 stores the
calculated difference value 'Td, the acquired current vehicle
speed Vs, and the last vehicle speed Vsp included in the ST
operation state information in the RAM of the controller 14.
The steering assist information notification unit 52 compares
the absolute value of the difference value Td with the first
torque threshold Tthl to determine whether or not the
current steering torque T 1s largely different from the last
steering torque Tp. The steering assist information notifica-
tion unit 52 further determines the type of road on which the
vehicle travels, on the basis of road information correspond-
ing to the current position of the vehicle.

In this case, 1t 1s determined that the difference value Td
1s equal to or larger than the first torque threshold Tthl and
the current steering torque T and the last steering torque Tp
have a large difference with each other. It 1s further deter-
mined that the vehicle travels on a curved road.

In this way, since a large diflerence exists during traveling,
on a curved road, steering AT correction processing 1s surely
executed, and the steering assist information notification
unit 52 generates, for example, a display command of a
message notilying that operation assist processing has been
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executed and an output command of a voice message having
the same contents as the former message. The steering assist
information nofification umt 52 transmits a notification
command including the generated display command and
output command to the navigation controller 72 of the
navigation system 19 via the in-vehicle network.

When the navigation controller 72 receives via the in-
vehicle network, the notification command transmitted from
the steering assist information notification unit 32, 1t reads
message data from the map database on the basis of the
display command included 1n the recerved notification com-
mand. The navigation controller 72 outputs an 1mage display
command of a message notifying that operation assist pro-
cessing has been executed because a large diflerence from
the last steering torque exists during traveling on a curved
road to the touch panel 74 on the basis of the read message
data. A message indicating, for example, that “Because of a
potential for failing to go around a curve, assistance worked
for your safety.” 1s displayed on the touch panel 74. Such a
message 1s, for example, displayed in a blinked manner in
red bold letters. The present invention 1s not limited to
message display, and a picture (CG) specilying that opera-
tion assistance has worked on a curved road may be dis-
played.

The navigation controller 72 also reads voice message
data from the map database on the basis of the output
command included in the received notification command
and outputs an audio output command of a voice message to
the audio system 75 on the basis of the read voice message
data. A voice message indicating, for example, that
“Because of a potential for failing to go around a curve,
assistance worked for your safety.” 1s output from the
internal loudspeaker of the audio system 75.

Since the SC steering assist switch 300 1s ON, the steering
AT correction unit 53 reads the current vehicle speed Vs, the
last vehicle speed Vsp, and the difference value Td stored 1n
the RAM and compares the read diflerence value 'Td with the
second torque threshold Tth2 to determine whether or not
the difference value Td 1s equal to or larger than the second
torque threshold Tth2. In this case, it 1s determined that the
current steering torque T and the last steering torque Tp have
a large difference, and the difference value Td 1s equal to or
larger than the second torque threshold Tth2.

The steering AT correction umt 53 calculates an amount
of decreasing correction on the basis of the current vehicle
speed Vs and the last vehicle speed Vsp and outputs an AT
decreasing command including information concerning the
calculated amount of decreasing correction to the current
command value control unit 55.

When the current command value control unit 55 receives
the AT decreasing command from the steering AT correction
unmit 53, 1t corrects by decreasing the normal current com-
mand value Iref mput from the current command value
calculation unit 61 to calculate a corrected current command
value Irefc. A corrected current command value Irefc 1s
calculated by, for example, correcting by decreasing the
normal current command value by a preset ratio (for
example, 30%).

The current command value control unit 35 outputs the
calculated, corrected current command value Irefc to the
subtracter 62.

The subtracter 62 calculates a current deviation between
the corrected current command value Irefc mput from the
current command value control unit 35 and the motor
current detection value (actual current value It) detected by
the current detector 60 and outputs 1t to the current control
unit 63.
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The current control unit 63 performs feedback control for
executing a PI (Proportional Integral) operation with respect
to the current deviation and outputting a voltage command
value.

In this way, a steering assist torque weaker than normal
OCCUrs.

Assume now that the lane keeping assist switch 302 1s
turned on and lane keeping assist control becomes execut-

able.

Then, the lane keeping assist unit 34 executes second lane
keeping assist processing, in which 1t acquires the current
steering torque T and current position information first. The
lane keeping assist unit 34 transmits to the navigation
controller 72 of the navigation system 19 via the in-vehicle
network, a request to acquire the last ST operation state
information corresponding to the current position indicated
by the acquired current position information and the position
within a predetermined distance from the current position.

When the navigation controller 72 receives via the in-
vehicle network, the acquisition request transmitted from the
lane keeping assist umt 54, 1t reads from the map database
71, the last ST operation state information corresponding to
the information of the current position and the position
within a predetermined distance from the current position
included 1n the received acquisition request. The navigation
controller 72 transmits the read last ST operation state
information within the predetermined distance to the con-
troller 14 via the in-vehicle network.

When the lane keeping assist unit 54 receives via the
in-vehicle network, the last ST operation state information
within the predetermined distance transmitted from the
navigation controller 72, it detects past changes in torque in
the left and rnight steering directions on the basis of the last
steering torque Tp included in the recerved last ST operation
state information within the predetermined distance.

Assume herein that a great change 1n torque 1n the right
steering direction has taken place to avoid lane departure last
time. In this case, the amount of change 1n steering torque Tp
in the right steering direction 1s equal to or larger than the
right torque change threshold TthR, and the lane keepin
assist unit 54 sets a threshold by correcting the left displace-
ment threshold XLt to a value smaller than normal to correct
the left displacement of the vehicle early.

The lane keeping assist unit 54 determines the state of the
road surface from an 1mage of the view 1in front of the
vehicle from the on-board camera 20, detects position nfor-
mation in the travel lane 1n which the vehicle travels, and, in
turn, detects a lateral displacement X from the center of the
travel lane on the basis of the detected position information.

In this case, a left displacement XL 1s detected and
compared with a left displacement threshold XLt after
decreasing correction to determine whether or not the left
displacement XL 1s equal to or larger than the left displace-
ment threshold XLt. When 1t 1s determined that the left
displacement XL 1s equal to or larger than the left displace-
ment threshold XLt, a lane keeping current command value
Iretk for generating a steering assist torque 1n the direction
to cancel out the left displacement XL 1s calculated. The
calculated lane keeping current command value Irefk 1is
output to the current command value control unit 55.

The lane keeping assist unit 54 transmits a notification
command including a display command of display informa-
tion and an output command of a voice message notifying,
that the vehicle tends to depart from 1ts lane to the navigation
controller 72 of the navigation system 19 via the in-vehicle
network.
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When the current command value control unit 55 receives
the lane keeping current command value Iretk from the lane
keeping assist unit 54, it outputs the received lane keeping
current command value Irefk to the subtracter 62 1n place of
the current, current command value Iref.

The subtracter 62 calculates a current deviation between
the lane keeping current command value Ireik input from the
current command value control unit 35 and the motor
current detection value detected by the current detector 60
and outputs it to the current control umt 63.

When the navigation controller 72 receives via the 1n-
vehicle network, the notification command transmitted from
the lane keeping assist unit 54, 1t reads message data from
the map database on the basis of the display command
included 1n the received notification command. The naviga-
tion controller 72 outputs an 1mage display command of a
message notifying that the vehicle tends to depart from its
lane to the touch panel 74 on the basis of the read message
data. A message indicating, for example, that “Be careful
about lane departure!” 1s displayed on the touch panel 74.
Such a message 1s, for example, blinked 1n red bold letters.

The navigation controller 72 also reads voice message
data from the map database on the basis of the output
command included in the received notification command
and outputs an audio output command of a voice message to
the audio system 75 on the basis of the read voice message
data. A voice message indicating, for example, that “Be
careful about lane departure!” 1s output from the internal
loudspeaker of the audio system 73.

The steering torque sensor 3 corresponds to a steering
operation information detection unit, the GPS receiver 73
corresponds to a position information acquisition unit, the
map database 71 corresponds to a storage device, the opera-

tion assist unit 23 corresponds to an operation assist unit,
and the touch panel 74 corresponds to a display.

e

ects of First Embodiment

[T

(1) In the electric power steering device according to the
first embodiment, the current command value calculation
unit 61 calculates a current command value Iref on the basis
of at least a steering torque T 1nput to the steering mecha-
nism. The electric motor 13 generates a steering assist torque
to be applied to the steering shait 2 of the steering mecha-
nism. The motor control unit 24 controls and drives the
clectric motor 13 on the basis of the current command value
Iref. The steering torque sensor 3 detects the steering torque
T applied to the steering wheel 1 and transmitted to the input
shaft 2a. The navigation controller 72 and the GPS receiver
73 acquire position information of a vehicle equipped with
the electric power steering device. The operation informa-
tion storage unit 51 stores in the map database 71, ST
operation state information obtained by associating the
steering torque T detected by the steering torque sensor 3
and the position information upon detection of the steering
torque T with each other. The operation assist unmt 23
executes operation assist processing for assisting the driver
in operating the steering wheel 1 on the basis of past ST
operation state information which 1s stored by the operation
information storage unit 51 and corresponds to the current
position mnformation.

With this configuration, the position mformation of the
vehicle and the steering torque T can be stored 1n association
with each other to aid the driver in the current operation of
the steering wheel 1 on the basis of the stored past steering
torque T. This can provide appropriate steering assistance to
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the dniver by actively performing operation assistance by the
clectric power steering device.

(2) The ST operation state mnformation 1s defined as
information including the vehicle speed upon detection of
the steering torque T and road information corresponding to
position information upon detection of the steering torque T.

With this configuration, the steering torque T can be
stored 1n association with the information concerning the
road on which the vehicle travels. This allows appropnate
steering assistance according to road information such as the
shape of the road (for example, the curvature of a curve) or
the type of road (for example, an expressway) on which the
vehicle travels. Further, since the current and last speeds of
entry into a curved road can be compared with each other
based on the information of the vehicle speed, when the
speed of entry 1s higher than last time, display of a warning
message and steering assistance can be performed to more
reliably improve the safety.

(3) The operation assist unit 23 executes operation assist
processing for displaying on the display (touch panel 74),
information indicating the current operation state based on
the past steering torque Tp corresponding to the current
position mformation.

With this configuration, comparative information (for
example, stronger (or rapid steering) or weaker than the
past) of the current steering torque T with the past steering
torque Tp can be displayed. This allows the driver to know
the past steering state from the displayed information to
control the current steering 1n accordance with the perceived
past steering state. This can improve the safety of steering.

(4) The operation assist unit 23 executes operation assist
processing for correcting the current command value Iref on
the basis of the difference information Td between the
current steering torque T detected by the steering torque
sensor 3 and the past steering torque Tp.

With this configuration, a steering assist torque generated
by the electric motor 13 can be controlled on the basis of the
difference information Td between the current steering
torque T and the past steering torque Tp during traveling on
the same road as 1n the past. This can improve the safety and
comiort of steering.

(5) The operation assist unit 23 corrects the current
command value to a value which sets the steering assist
torque to be lower than normal when the difference value Td
between the current and past steering torques 1s equal to or
larger than a preset second torque threshold Tth2, and
corrects the current command value Iref to a value which
sets the steering assist torque to be higher than normal when
the difference value Td 1s equal to or smaller than a preset
third torque threshold Tth3 which 1s smaller than the second
torque threshold Tth2.

With this configuration, when, for example, the current
steering torque T 1s far higher or lower than the past steering
torque Tp, the current command value Iref can be corrected
by decreasing or increasing. This allows assistance to the
driver 1n steering with reference to the past steering torque
Tp to improve the safety and comfort of steering.

(6) The operation assist unit 23 executes operation assist
processing for generating in an electric motor, a steering
assist torque to assist in steering 1n the direction to correct
the lateral offset with respect to the travel lane of the vehicle
on the basis of the past steering torque Tp and image
information of the view 1n front of the vehicle including lane
markings.

With this configuration, operation assist processing can be
executed for correcting by decreasmg the threshold or the
like for the amount of oflset 1n correcting the offset, on the

5

10

15

20

25

30

35

40

45

50

55

60

65

22

basis of a past change in steering torque Tp corresponding
to position information of the vehicle, or the like, to start

assistance 1n correcting the oflset earlier, or the like. This can

improve the safety and comiort of steering for lane departure
of the vehicle or the like.

Second Embodiment

(Configuration)

An electric power steering device according to the second
embodiment 1s different from that according to the first
embodiment in terms of the processing contents of a steering
assist information notification unit 52. Other configurations
are the same as those 1n the electric power steering device
according to the first embodiment.

Since features different from those 1n the first embodiment
will be described 1n detail below, the same reference numer-
als denote the same constituent parts, and a description
thereof will be omitted as appropriate.

The steering assist information notification unit 52 1n the
second embodiment acquires past (last) ST operation state
information corresponding to the road position at a prede-
termined distance ahead of the current position. The steering,
assist mnformation notification unit 52 generates a display
command to display steering assist information based on the
last ST operation state information for the road on which the
vehicle 1s to run on a touch panel 74, and an output
command of a voice message notifying the steering assist
information, on the basis of the acquired last ST operation
state information. The steering assist information notifica-
tion umt 52 transmits a notification command 1ncluding the
display command and the output command to a navigation
controller 72 of a navigation system 19 via an in-vehicle
network.

More specifically, the steering assist information notifi-
cation umt 52 in the second embodiment 1s configured to
1ssue a notification instruction of steering assist information
based not only on the road information and the last steering
torque Tp included 1n the ST operation state information, but
also on the last vehicle speed Vsp.

With this arrangement, the navigation controller 72 causes
the touch panel 74 to display, display information such as a
message or a picture indicating steering assist information
based on the road information, the last steering torque Tp,
and the vehicle speed Vsp included 1n the ST operation state
information. The navigation controller 72 also causes the
audio system 75 to output a voice message indicating
steering assist information based on the last steering torque
Tp and the vehicle speed Vsp.

(Steering Assist Information Notification Instruction Pro-
cessing)

Steering assist iformation notification instruction pro-
cessing executed by the steering assist information notifi-
cation unit 52 1n the second embodiment will be described
below with reference to FIG. 12.

In step S102, when steering assist information notification
instruction processing 1s executed, the process advances to
step S700 first, as 1llustrated 1n FIG. 12.

In step S700, the steering assist information notification
unit 52 reads current position information. The process then
advances to step S702.

In step S702, the steering assist information notification
unit 52 transmits a request to acquire the last ST operation
state information corresponding to the position at a prede-
termined distance ahead of the current position indicated by
the current position information to the navigation controller
72 via the in-vehicle network. The steering assist informa-
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tion noftification umit 52 receives the ST operation state
information transmitted from the navigation controller 72
via the m-vehicle network, and the process advances to step
S704.

In step S704, the steering assist information notification
unit 52 generates a display command of steering assist
information based on information concerning the road on
which the vehicle 1s to run, the last steering torque Tp, and
the vehicle speed Vsp, and an output command of a voice
message corresponding to the steering assist information.
The process then advances to step S706.

In step S706, the steering assist information notification
unit 52 transmits a nofification command including the
display command and the output command generated 1n step
S704 to the navigation controller 72 via the in-vehicle
network. Then, a series of processes 1s ended and the process
returns to the original process.

In this way, 1n response to a command from the navigation
controller 72, display information corresponding to the
display command in the notification command 1s displayed
on the touch panel 74, and a voice message or a buzzer
sound corresponding to the output command 1n the notifi-
cation command 1s output from the internal loudspeaker of
the audio system 75.

(Operation)

When the steering assist information notification unit 52
determines that an SC steering assist switch 300 1s ON, 1t
acquires current position information first. The steering
assist information notification unit 52 transmits a request to
acquire the last ST operation state information correspond-
ing to the position at a predetermined distance ahead of the
current position indicated by the acquired current position
information to the navigation controller 72 of the navigation
system 19 via the m-vehicle network.

When the navigation controller 72 receives via the in-
vehicle network, the acquisition request transmitted from the
steering assist information notification umt 52, 1t reads from
a map database 71, the last ST operation state information
corresponding to the information of the position at the
predetermined distance ahead included in the received
acquisition request. The navigation controller 72 transmits
the read last ST operation state information to the controller
14 via the in-vehicle network.

The steering assist information nofification unmit 352
receives via the m-vehicle network, the last ST operation
state information corresponding to the position at the pre-
determined distance ahead transmitted from the navigation
controller 72. The steering assist information notification
unit 32 generates a display command of a message indicat-
ing steering assist information based on the last steering
torque Tp and the last vehicle speed Vsp for the road on
which the wvehicle 1s to run, on the basis of the road
information, the last steering torque Tp, and the last vehicle
speed Vsp included 1n the received last ST operation state
information. The steering assist information notification unit
52 also generates an output command of a voice message
corresponding to steering assist information based on the
last steering torque Tp and the last vehicle speed Vsp and
transmits a notification command including the generated
display command and output command to the navigation
controller 72 of the navigation system 19 via the 1in-vehicle
network.

When the navigation controller 72 receives via the in-
vehicle network, the notification command transmitted from
the steering assist information notification unit 52, 1t reads
message data from the map database on the basis of the
display command included 1n the recerved notification com-
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mand. The navigation controller 72 outputs an 1image display
command ol a message indicating the last steering state to
the touch panel 74 on the basis of the read message data.

In this way, when, for example, the vehicle 1s about to
enter a curve, a message indicating steering assistance based
on the 1put state of the steering torque Tp during traveling
in the same curve as 1n last time 1s displayed on the touch
panel 74. A message indicating, for example, that “Last time
an entry into the curve involved excessive torque iput.” 1s
displayed. A message indicating steering assistance based on
the vehicle speed Vsp during traveling 1n the same curve as
in last time 1s also displayed on the touch panel 74. When,
for example, the current vehicle speed Vs 1s higher than the
last vehicle speed Vsp, a message indicating, for example,
that “Your speed of entry into the curve i1s too high!” or
“Caution: your speed of entry into the curve 1s higher than
last time.” 1s displayed.

The navigation controller 72 also reads voice message
data from the map database on the basis of the output
command included in the received notification command
and outputs an audio output command of a voice message to
the audio system 75 on the basis of the read voice message

data. A voice message related to steering assist information
1s output from the internal loudspeaker of the audio system
75. A voice message corresponding to steering assist infor-
mation such as “Beware of rapid steering when you enter the
curve!” or “Your speed of entry into the curve 1s too high!”
1s output.

The steering torque sensor 3 corresponds to a steering
operation information detection unit, the GPS receiver 73
corresponds to a position information acquisition unit, the
map database 71 corresponds to a storage device, the opera-
tion assist unit 23 corresponds to an operation assist unit,
and the touch panel 74 corresponds to a display.

Eftects of Second Embodiment

The second embodiment has the following eflects, 1n
addition to the effects of the first embodiment.

(1) The operation assist unit 23 executes operation assist
processing for displaying, in advance, information concern-
ing operation assistance for the road on which the vehicle 1s
to run, on the touch panel 74 on the basis of past steering
operation information corresponding to the position ahead of
the current position of the vehicle.

With this configuration, the driver can know, 1n advance,
information concerning steering assistance based on the past
steering torque Tp for the road on which the vehicle is to run.
When, for example, a relatively high torque like rapid
steering has been input in the past, the driver can perceive
this fact in advance to steer while taking care to avoid rapid
steering, or the like. This can improve the safety of steering.

In the second embodiment, notification of additional
steering assist information based on the past vehicle speed
Vsp allows control for issuing warning information when,
for example, the speed of entry into the curve 1s too high,
steering assist control for ensuring safety, and the like. This
can 1mprove the safety of steering.

The use of information concerning on-board direction
indicators (winkers) allows determination that the vehicle 1s
to turn for example, mm order to turn right or left at an
intersection and, 1n turn, allows more appropriate steering
assistance.
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Third Embodiment

(Configuration)

An electric power steering device according to the third
embodiment 1s partially diflerent from that according to the
first embodiment 1n terms of the processing contents of a
lane keeping assist unit 54. Other configurations are the
same as those 1n the electric power steering device according
to the first embodiment.

Since features different from those 1n the first embodiment
will be described 1n detail below, the same reference numer-
als denote the same constituent parts, and a description
thereol will be omitted as appropriate.

The lane keeping assist unit 54 in the third embodiment 1s
different 1n terms of executing third lane keeping assist
processing in place of the second lane keeping assist pro-
cessing 1n the first embodiment. Second lane keeping assist
processing and third lane keeping assist processing may be
switched using, for example, a switch.

In third lane keeping assist processing, first, a steering
torque T 1mput from a steering torque sensor 3 and current
position information of the vehicle are acquired. Then, past
ST operation state information corresponding to the current
position and the road position within a predetermined dis-
tance from the current position, stored 1n a map database 71,
1s acquired from a navigation controller 72. The past travel
path of the vehicle 1s estimated on the basis of past steering,
torques Tp at a plurality of positions included 1n the acquired
ST operation state mmformation within the predetermined
distance. Consistency 1s evaluated between the current steer-
ing torque T and the estimated travel path on the basis of the
current steering torque T and vehicle speed Vs, the past
steering torque Tp and vehicle speed Vsp, and the estimated
travel path, and steering assistance 1s performed to correct
the 1nconsistency, 1i any.

In the third embodiment, the strength of steering assis-
tance (strong, weak, or zero) can be set via a switch (not
illustrated) or the navigation controller 72. The lane keeping
assist unit 34 i the third embodiment 1s configured to
execute steering assist processing according to the set
strength as third lane keeping assist processing.

More specifically, when the strength of steering assistance
1s set “weak,” 1f inconsistency with the past travel path
exists, the lane keeping assist unit 54 1n the third embodi-
ment calculates a lane keeping current command value
Iretkw for generating a relatively low steering assist torque
in the direction to cancel out the inconsistency (the displace-
ment with respect to the past travel path). The lane keeping,

assist umt 54 outputs the calculated lane keeping current
command value Iretkw to a current command value control
unit 55. When the strength of steering assistance 1s set to
“strong,” 11 inconsistency with the past travel path exists, the
lane keeping assist unit 54 calculates a lane keeping current
command value Ireiks for generating a relatively high
steering assist torque in the direction to cancel out the
inconsistency. The lane keeping assist umt 54 outputs the
calculated lane keeping current command value Ireiks to the
current command value control unit 55.

When the strength of steering assistance 1s set to “zero,”
the lane keeping assist unit 54 does not perform steering
assistance even 1n the presence of inconsistency.

that 1s, 1n the third embodiment, a relatively low steering
assist torque 1s generated 1n the direction to come close to
the past travel path when “weak’™ 1s set, and a relatively high
steering assist torque 1s generated to make the vehicle trace
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the past travel path ({or example, adjust the displacement
with respect to the past travel path to be zero) when “strong”™
1s set.

(Third Lane Keeping Assist Processing)

Third lane keeping assist processing executed by the lane
keeping assist unit 54 will be described below with reference
to FIG. 13.

In step S108, when third lane keeping assist processing 1s
executed, the process advances to step S800 first, as 1llus-
trated in FIG. 13.

In step S800, the lane keeping assist unit 34 acquires
current position information, and the process advances to
step S802.

In step S802, the lane keeping assist unit 34 acquires ST
operation state information corresponding to the current
position indicated by the current position information and
the road position within a predetermined distance from the
current position, and the process advances to step S804.

In step S804, the lane keeping assist unit 54 estimates the
past travel path of the vehicle on the basis of the past steering
torque Tp, and the process advances to step S806.

In step S806, the lane keeping assist unit 54 determines
whether or not the current steering torque T and the esti-
mated travel path have inconsistency, on the basis of the
current steering torque T and vehicle speed Vs, the past
steering torque T and vehicle speed Vsp, and the estimated
travel path. If 1t 1s determined that inconsistency exists
(Yes), the process advances to step S808; otherwise (No),
the process advances to step S812.

More specifically, a displacement 1s calculated 1n consid-
cration of the difference in vehicle speed of the current
vehicle traveling position with respect to the past travel path,
and 1t 1s determined that inconsistency exists when the
calculated displacement 1s equal to or larger than a displace-
ment threshold and that no inconsistency exists when the
calculated displacement 1s smaller than the displacement
threshold.

In step S808, the lane keeping assist unit 54 determines
whether or not the strength of steering assistance has been
set to “weak™ or “strong.” If 1t 1s determined that “weak”™ or
“strong” has been set (Yes), the process advances to step
S810; otherwise (No), the process advances to step S814.

When the process advances to step S810, it the strength
ol steering assistance has been set to “weak,” the lane
keeping assist unit 34 calculates a lane keeping current
command value Iretkw for generating a relatively low
steering assist torque 1n the direction to cancel out the
inconsistency (displacement). The lane keeping assist unit
54 outputs the calculated lane keeping current command
value Iretkw to the current command value control unit 55.
If the strength of steering assistance has been set to “strong,”
the lane keeping assist unit 54 calculates a lane keeping
current command value Iretks for generating a relatively
high steering assist torque 1n the direction to cancel out the
inconsistency (displacement). The lane keeping assist unit
54 outputs the calculated lane keeping current command
value Ireiks to the current command value control unit 55.
The process then advances to step S812.

In step S812, the lane keeping assist umt 54 transmits a
notification command including a display command of dis-
play information and an output command of a voice message
notilying that steering assistance has worked with “weak’ or
“strong” to the navigation controller 72 via an in-vehicle
network. Then, a series of processes 1s ended and the process
returns to the original process.

When 1t 1s determined 1n step S806 that no inconsistency
exists or 1t 1s determined 1n step S808 that neither “weak”™
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nor “strong” has been set, and the process advances to step
S814, the lane keeping assist unit 54 outputs information
indicating “without assistance” to the current command
value control unit 55. Then, a series of processes 1s ended
and the process returns to the original process.

(Operation)

Assume now that an SC steering assist switch 300 and a
lane keeping assist switch 302 are turned on and lane
keeping assist control becomes executable.

Then, the lane keeping assist unit 54 executes third lane
keeping assist processing, in which 1t acquires the current
steering torque T and current position imformation first. The
lane keeping assist unit 54 transmits to the navigation
controller 72 of a navigation system 19 via the in-vehicle
network, a request to acquire the last ST operation state
information corresponding to the current position indicated
by the acquired current position information and the position
within a predetermined distance from the current position.

When the navigation controller 72 receives via the in-
vehicle network, the acquisition request transmitted from the
lane keeping assist umt 54, 1t reads from the map database
71, the last ST operation state information corresponding to
the information of the current position and the position
within a predetermined distance from the current position
included 1n the received acquisition request. The navigation
controller 72 transmits the read last ST operation state
information within the predetermined distance to a control-
ler 14 via the 1n-vehicle network.

When the lane keeping assist unit 54 receives via the
in-vehicle network, the last ST operation state information
within the predetermined distance transmitted from the
navigation controller 72, 1t estimates the past travel path of
the vehicle on the basis of the last steering torque Tp
included 1n the received last ST operation state information
within the predetermined distance.

The lane keeping assist unit 34 calculates a displacement
in consideration of the diflerence 1n vehicle speed of the
current vehicle traveling position with respect to the esti-
mated travel path, on the basis of the estimated travel path,
the current steering torque T and vehicle speed Vs, and the
past steering torque Tp and vehicle speed Vsp, and deter-
mines whether or not the calculated displacement 1s equal to
or larger than a displacement threshold. It 1s thus determined
whether or not the current steering torque T and the esti-
mated travel path have inconsistency.

On a curved road, when, for example, the current vehicle
speed Vs 1s equal to the past vehicle speed Vsp and the
current steering torque T 1s equal to the past steering torque
Tp, the current vehicle traveling position 1s 1dentical to the
corresponding position in the estimated past travel path. It 1s
therefore determined that no inconsistency exists as the
displacement 1s smaller than the displacement threshold.
When, for example, the current vehicle speed Vs 1s equal to
the past vehicle speed Vsp and the current steering torque T
1s different from the past steering torque Tp, the current
vehicle traveling position 1s different from the corresponding
position 1s the estimated past travel path (being displaced).
It 1s therefore determined that inconsistency exists when the
displacement 1s equal to or larger than the displacement
threshold.

Assume herein that it 1s determined that inconsistency
exists and the strength of steering assistance has been set to
“strong.” In this case, the lane keeping assist unit 54
calculates a lane keeping current command value Iretks for
generating a relatively high steering assist torque in the
direction to cancel out the displacement from the estimated
travel path. The lane keeping assist unit 54 outputs the
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calculated lane keeping current command value Iretks to the
current command value control unit 55. The lane keeping

assist unit 54 transmits a notification command including a
display command of display information and an output
command of a voice message for notifying that steering
assistance works with strength “strong” to the navigation
controller 72 via the in-vehicle network.

When the current command value control unit 55 receives
the lane keeping current command value Ireiks from the lane
keeping assist unit 54, 1t outputs the recerved lane keeping
current command value Irefks to the subtracter 62 in place
of the current, current command value Iref.

The subtracter 62 calculates a current deviation between
the lane keeping current command value Iretks mput from
the current command value control unit 55 and the motor
current detection value detected by the current detector 60
and outputs it to a current control unit 63.

In this way, a dniving current for generating a relatively
high steering assist torque 1n the direction to cancel out the
displacement 1s output from the current control unit 63 to a
motor driving unit 65.

When the navigation controller 72 receives via the in-
vehicle network, the notification command transmitted from
the current command value control unit 53, 1t reads message
data from the map database on the basis of the display
command included 1n the received notification command.
The navigation controller 72 outputs an 1mage display
command of a message notilying that steering assistance
works with strength “strong” to the touch panel 74 on the
basis of the read message data.

The navigation controller 72 also reads voice message
data from the map database on the basis of the output
command included in the received notification command
and outputs an audio output command of a voice message to
the audio system 75 on the basis of the read voice message
data. A voice message indicating that steering assistance
works with strength “strong” 1s output from the internal
loudspeaker of the audio system 75.

The steering torque sensor 3 corresponds to a steering
operation information detection unit, the GPS receiver 73
corresponds to a position information acquisition unit, the
map database 71 corresponds to a storage device, the opera-
tion assist unit 23 corresponds to an operation assist unit,
and the touch panel 74 corresponds to a display.

A steering torque Ts corresponds to information concermn-
ing the travel path.

ftects of Third Embodiment

[T]

The third embodiment has the following eflects, 1n addi-
tion to the eflects of the first and second embodiments.

(1) The ST operation state information includes informa-
tion (1n this case, the steering torque Ts) concerning the
travel path of the vehicle corresponding to position infor-
mation upon detection of steering operation information.
The lane keeping assist unit 34 executes operation assist
processing for generating in the electric motor, a steering
assist torque for assisting i1n steering in the direction to
cancel out the current displacement with respect to the past
travel path, on the basis of the current steering operation
information and information concerning the travel path and
the past steering operation information and information
concerning the travel path.

With this configuration, steering assistance can be per-
formed such that the vehicle follows a path close to the past
travel path or traces the past travel path. This can facilitate
traveling 1n a path close to the past travel path.
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Especially when a travel path 1s estimated on the basis of
past steering torques Tp at a plurality of positions, the need
for information concerning lane markings (white lines) can
be obviated so that a travel path can be obtained even for a
road having faded or no white lines.

Information concerning a travel path held in the naviga-
tion system 19 may be used instead of or 1n addition to a
pseudo travel path using the past steering torque Tp.

(Modifications)

(1) In each of the above-described embodiments, although
the controller 14 executes lane keeping assist processing, the
present invention 1s not limited to this configuration, and a
controller for lane keeping assistance may be separately
provided. Alternatively, other configuration may be used,
such as a configuration provided with an 1mage processing
function added to the on-board camera 20, which performs
calculation of a displacement X and the preceding process-
ing involved.

(2) In each of the above-described embodiments, although
operation assist processing 1s executed regardless of the road
shape or the type of road, the present invention i1s not limited
to this configuration. For example, a configuration 1n which
operation assist processing 1s executed only during traveling
on a road having a specific road shape or type of road may
be used, such as a configuration 1n which the operation assist
processing 1s executed only for curved roads by accumulat-
ing information concerning only the curved roads.

(3) In each of the above-described embodiments, although
a steering torque T 1s detected as steering operation infor-
mation, the present imnvention 1s not limited to this configu-
ration. For example, a steering angular velocity may be
detected instead of or in addition to a steering torque 1. In
this case, a steering angle Os detected by the steering angle
sensor 18 1s iput to the controller 14, as illustrated 1n FIG.
1, and, for example, the steering angle Os 1s differentiated to
detect a steering angular velocity ms in the operation assist
unit 23 of the controller 14, as illustrated in FIG. 2. When,
for example, the past steering angular velocity wp 1s higher
than the current steering angular velocity ws, the current
command value Iref 1s corrected by decreasing to set the
steering assist torque to be lower than normal. Alternatively,
when the past steering angular velocity cop 1s lower than the
current steering angular velocity ws, the current command
value Iref 1s corrected by increasing to set the steering assist
torque higher.

(4) In each of the above-described embodiments, although
two pieces of past ST steering state information are stored
and held 1n the map database 71, the present mnvention 1s not
limited to this configuration, and three or more pieces of past
ST operation state information may be stored and held. With
this configuration, for example, safer past operation infor-
mation (for example, a past steering torque Tp) can be
generated by learming from three or more pieces of past ST
steering state information, and operation assist processing
such as steering assist information notification instruction
processing and steering Al correction processing can be
executed on the basis of the generated past operation infor-
mation.

(3) In each of the above-described embodiments, although
a difference value Td between the current steering torque T
and the last steering torque Tp 1s calculated or the like 1n
operation assist processing based on the values of such
current and last steering torques, the present invention 1s not
limited to this configuration. For example, other configura-
tions may be used, such as a configuration in which the
operation assist processing 1s conducted on the basis of the
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current steering torque T and the statistical value such as the
average ol past steering torques Tp stored in the map
database 71.

(6) In each of the above-described embodiments, although
the lane keeping assist unit 54 detects a great change in
torque Irom the past steering torque Tp 1n second lane
keeping assist processing, the present mvention 1s not lim-
ited to this configuration. For example, other configurations
may be used, such as a configuration 1n which the state in
which a torque 1s continuously input in one direction (the
state 1n which fine steering continues in the direction of
departure) 1s detected.

(7) In each of the above-described embodiments, although
ST operation state information 1s stored 1n the map database
71 of the navigation system 19, the present invention 1s not
limited to this configuration. For example, such information
may be stored 1n a storage device mounted 1n the electric
power steering device or stored 1n a storage device mounted
in an external server. When such information 1s stored in an
external server, a long-distance wireless communication
device (for example, a device which uses a base station for
mobile phones) 1s separately provided.

(8) In each of the above-described embodiments, although
display information 1s displayed on the touch panel 74 of the
navigation system 19 on the basis of the notification com-
mand transmitted from the steering assist information noti-
fication unit 52, the present mnvention i1s not limited to this
configuration. For example, other configurations may be
used, such as a configuration 1n which such information 1s
displayed on a display provided in the meter panel of the
vehicle.

(9) In each of the above-described embodiments, although
both display processing of steering assist information and
control processing of the steering assist torque (current
command value Iref) are executed as operation assist pro-
cessing, the present imnvention 1s not limited to this configu-
ration. For example, either one of these types of processing
may be executed, or in accordance with the magmtude of the
difference value Td, only display processing may be
executed when the difference value Td 1s relatively small
while only control processing of the steering assist torque or
both types of processing may be executed when the differ-
ence value Td 1s relatively large.

(10) In the first embodiment, in steering assist information
notification instruction processing and steering Al correc-
tion processing, although only ST operation state informa-
tion corresponding to the current position mmformation 1s
acquired and each type of processing 1s executed on the basis
of the acquired ST operation state information, the present
invention 1s not limited to this configuration. For example,
ST operation state information within a predetermined dis-
tance from the current position may be acquired 1n advance
with a predetermined period and stored and held in the RAM
of the controller 14 to acquire ST operation state information
corresponding to the current position information from this
RAM. With this configuration, delay can be considerably
reduced 1n acquiring ST operation state information corre-
sponding to the current position information.

(11) In the first embodiment, 1n steering assist information
notification instruction processing and steering Al correc-
tion processing, although only ST operation state informa-
tion corresponding to the current position mmformation 1s
acquired, and each type of processing 1s executed on the
basis of the acquired ST operation state information, the
present invention 1s not limited to this configuration. For
example, the navigation controller 72 may transmit ST
operation state information corresponding to the current
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position to the controller 14 with a preset period, and the
controller 14 may acquire the periodically transmitted ST

operation state mformation at the same timing. With this
configuration, delay can be considerably reduced in acquir-
ing ST operation state information corresponding to the
current position information.

(12) In the second embodiment, 1n steering assist infor-
mation notification instruction processing, one piece of ST
operation state information corresponding to the position at
a predetermined distance ahead of the current position is
acquired, and an instruction 1s 1ssued for notification pro-
cessing of steering assist information for the road on which
the vehicle 1s to run, on the basis of the acquired ST
operation state information. The present invention 1s not
limited to this configuration, and, for example, pieces of ST
operation state information within a predetermined distance
from the current position may be acquired, and an 1nstruc-
tion may be 1ssued for notification processing of steering
assist information for the road on which the vehicle 1s to run,
on the basis of the pieces of acquired ST operation state
information.

(13) In each of the above-described embodiments,
although an example mm which the present invention 1is
applied to a column-assist electric power steering device has
been given, the present invention i1s not limited to this
configuration, and, for example, the present invention may
be applied to a rack- or pinion-assist electric power steering
device.

This application claims priority based on Japanese Patent
Application No. 2015-118504 (filed on Jun. 11, 2013), the
contents of which are incorporated by reference herein in 1ts
entirety.

While the present immvention has been described herein
with reference to only a limited number of embodiments, the
scope of claims 1s not limited thereto, and modifications to
cach embodiment based on the aforementioned disclosure

will be apparent to those skilled 1n the art.

REFERENCE SIGNS LIST

1 Steering wheel

2 Steering shaft

3 Steering torque sensor

8 Steering gear

10 Steering assist mechanism

13 Electric motor

14 Controller

15 Battery

17 Vehicle speed sensor

21 Command value calculation unit

22 Command value compensation unit
23 Operation assist unit

24 Motor control unit

31 Steering assist command value calculation unit
32 Phase compensation unit

33 Torque differentiating circuit

41 Angular velocity calculation unit

42 Angular acceleration calculation unit
43 Convergence compensation unit

44 Inertia compensation unit

45 SAT estimation feedback unit

46-48 Adder

51 Operation mformation storage unit
52 Steering assist information notification unit
53 Steering assist torque correction unit
54 Lane keeping assist unit

55 Current command value control unit
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61 Current command value calculation unit
62 Subtracter

63 Current control unit

65 Motor driving unit

300 SC steering assist switch

The mvention claimed 1s:
1. An electric power steering device comprising;:
a steering wheel;
a steering shaft connected to the steering wheel;
an electric motor connected to the steering shait and
configured to apply a steering assist force to the steer-
ing shafit;
a torque sensor configured to detect a steering torque
transmitted to the steering shatt;
a position detector configured to acquire a position of a
vehicle equipped with the electric power steering
device;
a database in which a past steering torque detected by the
torque sensor and a past position of the vehicle at a time
when the past steering torque 1s detected are stored in
correspondence with each other; and
a controller configured to:
calculate a current command value based on the steer-
ing torque;

output a driving current for driving the electric motor
based on the current command value;

acquire a current steering torque from the torque sen-
SOT’;

acquire a current position of the vehicle from the
position detector;

read out, from the database, the past steering torque
stored 1 correspondence with the past position
wherein the past position 1s the same as the current
position; and

assist operating of steering the steering wheel by a
driver based on the current steering torque and the
past steering torque read out from the database.

2. The electric power steering device according to claim
1, wherein the controller 1s further configured to:

calculate a difference between the current steering torque
and the past steering torque read out from the database;
and

assist operating of the steering the steering wheel by the
driver such that the difference becomes smaller.

3. The electric power steering device according to claim
1, wherein road information corresponding to the past posi-
tion when the past steering torque 1s detected 1s stored 1n the
database in correspondence with the past steering torque.

4. The electric power steering device according to claim
1, wherein the controller 1s further configured to display
comparative information of the current steering torque with
the past steering torque on a display.

5. The electric power steering device according to claim
1, wherein the controller 1s further configured to:

read out, from the database, a second past steering torque
stored 1n correspondence with a second past position
wherein the second past position 1s the same as a
position ahead of the current position; and

display information concerning operation assistance for a
road on which the vehicle 1s to run, on a display based
on the second past steering torque.

6. The electric power steering device according to claim

1, wherein the controller 1s further configured to:

correct the current command value to a value which sets

the steering assist force to be lower than normal when
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a difference between the current steering torque and the
past steering torque 1s not less than a preset first
threshold; and
correct the current command value to a value which sets
the steering assist force to be higher than normal when
the difference 1s not more than a preset second thresh-
old smaller than the preset first threshold.
7. The electric power steering device according to claim
1, wherein the controller 1s further configured to assist the
operating of steering the steering wheel by the drniver 1n a
direction to correct a lateral displacement with respect to a
travel lane of the vehicle, based on 1mage information of a
view 1n front of the vehicle including a lane marking and the
past steering torque.
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